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RECEIVER CIRCUITS FOR GENERATING 
DIGITAL CLOCK SIGNALS 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates to digital clock generation, 

and more speci?cally, to generating a digital clock signal 
from a Differential Comparator Circuit Which correctly 
handles a special case called the “high-high” condition. 

2. Related Art 
On a Front Side Bus, there are receiving circuits that 

convert small signal differential clock signals to a digital 
clock signal to be used on-chip. The inputs to these circuits 
are called the Strobe and StrobeN. A condition exists When 
a transmitting device stops driving the Front Side Bus 
(called bus change-over) and both Strobe and StrobeN 
signals are at logic ‘1’. During this condition, it is advan 
tageous for the on-chip digital clock signal to remain in a 
Well de?ned logic state despite the state of the signals 
coming in from the bus. Therefore, there is a need for a clock 
generation circuit (and a method for operating the same) in 
Which the digital clock signal can be controlled to stay at a 
de?ned logic state. 

SUMMARY OF THE INVENTION 

The present invention provides a clock generation circuit, 
comprising (a) a ?rst differential comparator circuit, Wherein 
the ?rst differential comparator circuit receives as input (i) 
a ?rst differential clock signal and (ii) a reference voltage, 
and generates a ?rst output signal; (b) a second differential 
comparator circuit, Wherein the second differential compara 
tor circuit receives as input (i) the ?rst differential clock 
signal and (ii) a second differential clock signal, and gen 
erates a second output signal, Wherein in response to the ?rst 
and the second differential clock signals sWitching, the 
second differential comparator circuit is capable of causing 
the second output signal to sWitch logic states; (c) a third 
differential comparator circuit, Wherein the third differential 
comparator circuit receives as input (i) the reference voltage 
and (ii) the second differential clock signal, and generates a 
third output signal; (d) a bus change-over detecting circuit, 
Wherein the bus change-over detecting circuit receives as 
input (i) the ?rst output signal, and (ii) the third output 
signal, and generates an Enable signal; and (e) a latch circuit, 
Wherein the latch circuit receives as input (i) the second 
output signal, and (ii) the Enable signal, Wherein the latch 
circuit generates a digital clock signal, and Wherein the latch 
circuit comprises a latch. 

The present invention provides a clock generation 
method, comprising providing a clock generation circuit 
Which includes (a) a ?rst differential comparator circuit, 
Wherein the ?rst differential comparator circuit receives as 
input (i) a ?rst differential clock signal and (ii) a reference 
voltage, and generates a ?rst output signal, (b) a second 
differential comparator circuit, Wherein the second differen 
tial comparator circuit receives as input (i) the ?rst differ 
ential clock signal and (ii) a second differential clock signal, 
and generates a second output signal, (c) a third differential 
comparator circuit, Wherein the third differential comparator 
circuit receives as input (i) the reference voltage and (ii) the 
second differential clock signal, and generates a third output 
signal, (d) a bus change-over detecting circuit, Wherein the 
bus change-over detecting circuit receives as input (i) the 
?rst output signal, and (ii) the third output signal, and 
generates an Enable signal, and (e) a latch circuit, Wherein 
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2 
the latch circuit receives as input (i) the second output 
signal, and (ii) the Enable signal, Wherein the latch circuit 
generates a digital clock signal, and Wherein the latch circuit 
comprises a latch; and in response to the ?rst and the second 
differential clock signals sWitching, using the second differ 
ential comparator circuit to cause the second output signal to 
sWitch logic states. 
The present invention provides a clock generation circuit, 

comprising (a) a ?rst differential comparator circuit, Wherein 
the ?rst differential comparator circuit receives as input (i) 
a ?rst differential clock signal and (ii) a reference voltage, 
and generates a ?rst output signal; (b) a second differential 
comparator circuit, Wherein the second differential compara 
tor circuit receives as input (i) the ?rst differential clock 
signal and (ii) a second differential clock signal, and gen 
erates a second output signal, Wherein in response to the ?rst 
and the second differential clock signals sWitching, the 
second differential comparator circuit is capable of causing 
the second output signal to sWitch logic states; (c) a third 
differential comparator circuit, Wherein the third differential 
comparator circuit receives as input (i) the reference voltage 
and (ii) the second differential clock signal, and generates a 
third output signal; (d) a bus change-over detecting circuit, 
Wherein the bus change-over detecting circuit receives as 
input (i) the ?rst output signal, and (ii) the third output 
signal, and generates an Enable signal; and (e) a latch circuit, 
Wherein the latch circuit receives as input (i) the second 
output signal, and (ii) the Enable signal, Wherein the latch 
circuit generates a digital clock signal, and Wherein the latch 
circuit comprises a latch, Wherein in response to the ?rst and 
second differential clock signals not being both higher than 
the reference voltage, the bus change-over detecting circuit 
is capable of adjusting the Enable signal resulting in the 
second output signal passing unchanged through the latch 
circuit as the digital clock signal, and Wherein in response to 
both the ?rst and second differential clock signals being 
higher than the reference voltage, the latch circuit is capable 
of holding the digital clock signal at a previous state. 
The present invention provides a digital clock generation 

circuit that can maintain a Well de?ned logic state during the 
high-high condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a Front Side Bus (FSB), in accordance 
With embodiments of the present invention. 

FIG. 2 illustrates a detail con?guration of a device con 
nected to a FSB (of FIG. 1), in accordance With embodi 
ments of the present invention. 

FIG. 3 illustrates the Wave forms of the three signals 
Strobe, StrobeN, and digital clock signal depicting the 
problem solved by the present invention 

FIG. 4 illustrates a detail con?guration of a receiver 
circuit of FIG. 2, in accordance With embodiments of the 
present invention. 

FIG. 5 illustrates a detail con?guration of a latch circuit 
of FIG. 3, in accordance With embodiments of the present 
invention. 

FIG. 6 illustrates the Wave forms of the three signals 
Strobe, StrobeN, and the digital clock signal of FIGS. 2, 4, 
and 5 in a second embodiment of the present invention 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates a FSB 100, in accordance With embodi 
ments of the present invention. More speci?cally, in one 



US 7,295,044 B2 
3 

embodiment, the FSB 100 comprises a processor 110, a 
main memory 120, and some devices 130, 140, and 150, all 
of Which are electrically connected together via an FSB 
(Front Side Bus) 105. In one embodiment, the FSB 105 
comprises tWo lines Strobe and StrobeN Which are electri 
cally connected to a termination voltage VTT via tWo termi 
nation resistors R1 and R2, respectively. The tWo lines Strobe 
and StrobeN carry a differential clock signal. The tWo 
signals Strobe and StrobeN are used to synchronize the 
transfer of data from a transmitting device of the digital 
system 100 (e.g., device 130) to one or more receiving 
device of the digital system 100 (e.g., device 140). It should 
be noted that, at one time, the device 130 can be a trans 
mitting device and the device 140 can be a receiving device, 
but at another time, the device 130 can be a receiving device 
and the device 140 can be a transmitting device. 

FIG. 2 illustrates a detail con?guration of the device 140 
of FIG. 1, in accordance With embodiments of the present 
invention. In one embodiment, the device 140 comprises a 
receiver circuit 220 Which is electrically connected to the 
tWo lines Strobe and StrobeN of the FSB 105. With refer 
ence FIG. 1 and FIG. 2, as an example, assume that, at a 
point of time, the device 140 is receiving data from the 
device 130 (FIG. 1). In one embodiment, the receiving 
circuit 220 of the device 140 receives the tWo signals Strobe 
and StrobeN from the device 130 via the tWo lines Strobe 
and StrobeN of the FSB 105, respectively, and converts the 
tWo signals Strobe and StrobeN into a digital clock signal. 
The digital clock signal is used to synchroniZe the transfer 
of data from the transmitting device 130 to the receiving 
device 140. 

FIG. 3 illustrates the Wave forms of the three signals 
Strobe, StrobeN, and digital clock signal in a ?rst embodi 
ment of the present invention. In one embodiment, the 
digital clock signal sWitches logic states Whenever the 
difference (in voltage level) betWeen the signal StrobeN and 
the signal Strobe changes signs. Assume that, in one 
embodiment, before time t1, When the sign of the difference 
(in voltage level) betWeen the signal StrobeN and the signal 
Strobe is positive, the digital clock signal is at logic 0. In one 
embodiment, at time t1, the tWo signals Strobe and StrobeN 
sWitch; therefore, from time tl to time t2, the difference (in 
voltage level) betWeen the signal StrobeN and the signal 
Strobe changes from positive to negative. As a result, the 
digital clock signal changes from logic 0 to logic 1 (1.2V). 
In one embodiment, at time t2, the tWo signals Strobe and 
StrobeN sWitch again; therefore, from time t2 to time t3, the 
difference (in voltage level) betWeen the signal StrobeN and 
the signal Strobe changes from negative to positive. As a 
result, the digital clock signal changes from logic 1 to logic 
0. In one embodiment, at time t3, assume that the transmit 
ting device 130 of FIG. 1 stops driving the FSB 105 (called 
bus change-over). As a result, from time t3 to time t4, the 
signal StrobeN stays at 1.2V and the signal Strobe rises from 
0.4V toWard Vcc (1.2V) (because both the tWo signals 
Strobe and StrobeN terminate at V"). Therefore, during this 
time period (i.e., from time t3 to time t4), the difference (in 
voltage level) betWeen the signal Strobe and the signal 
StrobeN remain at positive. As a result, the digital clock 
signal remains at logic 0. In one embodiment, from the time 
t4 to time t5, the signal StrobeN stays at 1.2V and the signal 
Strobe oscillates around 1.2V. As a result, the digital clock 
signal oscillates betWeen logic 0 and logic 1. In one embodi 
ment, after time t5, When the tWo signals Strobe and StrobeN 
stay at 1.2V, the digital clock signal stays at logic 0. 

FIG. 4 illustrates a detail con?guration of the receiver 
circuit 220 of FIG. 2, in accordance With embodiments of the 
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4 
present invention. More speci?cally, the receiver circuit 220 
comprises three differential comparators 410, 420, and 430, 
a bus change-over detecting circuit 440, and a latch circuit 
450. More speci?cally, in one embodiment, the differential 
comparator 410 receives as inputs the signal Strobe and a 
reference voltage VHH and generates a signal OUT1. In one 
embodiment, the voltage level of the reference voltage VHH 
is IV. In one embodiment, the differential comparator 420 
receives as inputs the tWo signals Strobe and StrobeN and 
generates a signal OUT2 Whereas the differential comparator 
430 receives as inputs the tWo signals StrobeN and the 
reference voltage VHH and generates a signal OUT3. In one 
embodiment, the bus change-over detecting circuit 440 
receives as inputs the tWo signals OUT1 and OUT3 and 
generates a signal Enable to the latch circuit 450. In one 
embodiment, the latch circuit 450 receives as input the 
signal OUT2 and generates the digital clock signal. The 
latch circuit 450 also receives the signal Enable from the bus 
change-over detecting circuit 440. 

FIG. 5 illustrates a detail con?guration of the latch circuit 
450 of FIG. 3, in accordance With embodiments of the 
present invention. More speci?cally, the latch circuit 450 
comprises four inverters 510, 520, 530, and 550 and a Glitch 
Immunity circuit 540. It should be noted that the Glitch 
Immunity circuit 540 is also an inverter. The tWo inverters 
530 and 540 are cross connected and therefore they form a 
latch (hence the name the latch circuit 450). 

In one embodiment, the inverter 510 comprises a p-chan 
nel transistor T1 and an n-channel transistor T2 electrically 
connected in series betWeen Vcc and Ground. In one 
embodiment, the inverter 520 comprises tWo p-channel 
transistors T3 and T4 and tWo n-channel transistors T5 and 
T6. Illustratively, four transistors T3, T4, T5 and T6 are 
electrically connected in series betWeen Vcc and Ground. In 
one embodiment, the inverter 530 comprises tWo p-channel 
transistors T7 and T8 and tWo n-channel transistors T9 and 
T10. Illustratively, four transistors T7, T8, T9 and T10 are 
electrically connected in series betWeen Vcc and Ground. In 
one embodiment, the inverter 550 comprises a p-channel 
transistor T17 and an n-channel transistor T18. Illustratively, 
tWo transistors T17 and T18 are electrically connected in 
series betWeen Vcc and Ground. In one embodiment, the 
Glitch Immunity 540 comprises three p-channel transistors 
T11, T13, and T14, and three n-channel transistors T12, T15 
and T16. Illustratively, four transistors T13, T14, T15 and 
T16 are electrically connected in series betWeen Vcc and 
Ground. 

In one embodiment, the inverter 510 receives as input the 
Enable signal and sends a ?rst digital signal to node A. The 
inverter 520 receives as input the signal OUT2 and sends a 
second digital signal to node X. The transistor T3 receives 
the ?rst digital signal from node A. The Glitch Immunity 540 
receives as input the second digital signal from node X and 
sends a third digital signal to node Y. The inverter 530 
receives as input the third digital signal from node Y and 
sends the second digital signal to node X. The transistor T8 
receives as input the Enable signal. The inverter 550 
receives as input the second digital signal and generates the 
digital clock signal. 

FIG. 6 illustrates the Wave forms of the three signals 
Strobe, StrobeN, and the digital clock signal of FIGS. 2, 4, 
and 5 in a second embodiment of the present invention, in 
Which the transmitting device 130 of the digital system 100 
of FIG. 1 is sending data to the receiving device 140 of the 
digital system 100. 

In one embodiment, the operation of the bus change-over 
detecting circuit 440 of the FIG. 4 is as folloWs. Only in case 



US 7,295,044 B2 
5 

of both the tWo signals OUTl and OUT3 being at logic 1, 
the bus change-over detecting circuit 440 generates the 
Enable signal at logic 0. Otherwise, the bus change-over 
detecting circuit 440 generates the Enable signal at logic 1. 
In one embodiment, the bus change-over detecting circuit 
440 is a NAND gate. As can be seen in FIG. 6, before time 
t4, the tWo signals Strobe and StrobeN are not both higher (in 
voltage level) than VHH. Therefore, the tWo signals OUTl 
and OUT3 are not both at logic 1. As a result, the bus 
change-over detecting circuit 440 generates the Enable 
signal at logic 1. After time t4, both the tWo signals Strobe 
and StrobeN are higher (in voltage level) than VHH. There 
fore, both the tWo signals OUTl and OUT3 are at logic 1, 
and as a result, the bus change-over detecting circuit 440 
generates the Enable signal at logic 0. 

With reference to FIGS. 2, 4, 5 and 6, in one embodiment, 
the operation of the receiver circuit 220 is as folloWs. As can 
be seen in FIG. 6, before time t1, the signal StrobeN is higher 
(in voltage level) than the signal Strobe. As a result, the 
signal OUT2 of the differential comparator 420 of FIG. 4 is 
at logic 0. During this time period (i.e., before time t1), the 
Enable signal is at logic 1. As a result, the latch circuit 450 
of FIG. 4 alloWs the signal OUT2 to pass through it 
unchanged. Therefore, the digital clock signal is the same of 
the OUT2 signal. More speci?cally, the inverter 520 of the 
latch circuit 450 inverts the digital signal OUT2 into the 
second digital signal at node X and then the inverter 550 the 
latch circuit 450 inverts the second digital signal at node X 
to the digital clock signal. In other Words, the digital clock 
signal is the same of the OUT2 signal, Which is at logic 0. 

In one embodiment, as can be seen in FIG. 6, from time 
tl to time t2, the signal StrobeN is loWer (in voltage level) 
than the signal Strobe. As a result, the signal OUT2 of the 
differential comparator 420 of FIG. 4 is at logic 1. During 
this time period (e.g., before time t4), the Enable signal is at 
logic 1. As a result, the latch circuit 450 of FIG. 4 alloWs the 
signal OUT2 to pass through it unchanged. Therefore, the 
digital clock signal is the same of the OUT2 signal. More 
speci?cally, the inverter 520 of the latch circuit 450 inverts 
the digital signal OUT2 into the second digital signal at node 
X and then the inverter 550 the latch circuit 450 inverts the 
second digital signal at node X to the digital clock signal. In 
other Words, the digital clock signal is the same of the OUT2 
signal, Which is at logic 1. 

In one embodiment, as can be seen in FIG. 6, from time 
t2 to time t3, the signal StrobeN is higher (in voltage level) 
than the signal Strobe. As a result, the signal OUT2 of the 
differential comparator 420 of FIG. 4 is at logic 0. During 
this time period (e.g., before time t4), the Enable signal is at 
logic 1. As a result, the latch circuit 450 of FIG. 4 alloWs the 
signal OUT2 to pass through it unchanged. Therefore, the 
digital clock signal is the same of the OUT2 signal. More 
speci?cally, the inverter 520 of the latch circuit 450 inverts 
the digital signal OUT2 into the second digital signal at node 
X and then the inverter 550 the latch circuit 450 inverts the 
second digital signal at node X to the digital clock signal. In 
other Words, the digital clock signal is the same of the OUT2 
signal, Which is at logic 0. 

In one embodiment, as can be seen in FIG. 6, at time t3, 
the transmitting device 130 stops driving the FSB 105. As a 
result, the signal StrobeN stays at VTT and the signal Strobe 
rises from 0.4V toWard VTT. From time t3 to time t4, the 
signal StrobeN is higher (in voltage level) than the signal 
Strobe. As a result, the signal OUT2 of the differential 
comparator 420 is at logic 0. During this time period (from 
time t3 to time t4, Which is before time t4), the Enable signal 
is at logic 1.As a result, the latch circuit 450 of FIG. 4 alloWs 
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6 
the signal OUT2 to pass through it unchanged. More spe 
ci?cally, the inverter 520 of the latch circuit 450 inverts the 
digital signal OUT2 into the digital signal at node X and then 
the inverter 550 the latch circuit 450 inverts the digital signal 
at node X to the digital clock signal. In other Words, the 
digital clock signal is the same of the OUT2 signal, Which 
is at logic 0. 

In one embodiment, as can be seen in FIG. 6, after time 
t4, the bus change-over detecting circuit 440 of the FIG. 4 
generates the Enable signal at logic 0. As a result, the latch 
circuit 450 of FIG. 4 is in a hold mode. In other Words, the 
latch circuit 450 holds the digital clock signal at the logic 
state at the time When the latch circuit 450 enters the hold 
mode. It should be noted that, due to the delay of the bus 
change-over detecting circuit 440, the latch circuit 450 may 
enter the hold mode sometime after time t5. This means that, 
after time t5, the oscillation of signal OUT2, caused by the 
signal Strobe oscillating around VT], may arrive at the latch 
circuit 450 before the latch circuit 450 enters the hold mode. 
Even so, the Glitch Immunity circuit 540 prevents the digital 
signal at node X from oscillating in response to the oscil 
lation of the signal OUT2. As a result, after time t5, When the 
latch circuit 450 enters the hold mode the digital clock signal 
is unchanged (i.e., stays at logic 0). 

In one embodiment, the operation of the Glitch Immunity 
circuit 540 is as folloWs (Schmitt Trigger Functionality). 
Suppose initially, node XI‘O’ and node Y:‘1’. As node X 
begins to transition from ‘0’ to ‘1’, transistors T15/T16 start 
to turn on and transistors T13/T14 start to turn off. T12 is on 
because Y:‘1’ so T12 tries to hold node Y at logic 1 
contending With transistors T15/ T16 Which are trying to pull 

node Y to ‘logic 0. Eventually, When node X rises enough that transistors T15/T16 over-poWer T12, node Y 

transitions to logic 0. The same operation holds for the 
falling edge of node X but transistors T13/T14 and T11 
come into play. 

In comparison betWeen the second embodiment of the 
present invention (FIG. 6) and the ?rst second embodiment 
of the present invention (FIG. 3), it can be seen that, in the 
second embodiment, after the transmitting device 130 stops 
driving the FSB 105 (i.e., after time t3), there is no oscilla 
tion in the digital clock signal. 

While particular embodiments of the present invention 
have been described herein for purposes of illustration, 
many modi?cations and changes Will become apparent to 
those skilled in the art. Accordingly, the appended claims are 
intended to encompass all such modi?cations and changes as 
fall Within the true spirit and scope of this invention. 

The invention claimed is: 
1. A clock generation circuit, comprising: 
(a) a ?rst differential comparator circuit, 

Wherein the ?rst differential comparator circuit receives 
as input (i) a ?rst differential clock signal and (ii) a 
reference voltage, and generates a ?rst output signal; 

(b) a second differential comparator circuit, 
Wherein the second differential comparator circuit 

receives as input (i) the ?rst differential clock signal 
and (ii) a second differential clock signal, and gen 
erates a second output signal, 

Wherein in response to the ?rst and the second differ 
ential clock signals sWitching, the second differential 
comparator circuit is capable of causing the second 
output signal to sWitch logic states; 

(c) a third differential comparator circuit, 
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wherein the third differential comparator circuit 
receives as input (i) the reference voltage and (ii) the 
second differential clock signal, and generates a third 
output signal; 

(d) a bus change-over detecting circuit, 
Wherein the bus change-over detecting circuit receives 

as input (i) the ?rst output signal, and (ii) the third 
output signal, and generates an Enable signal; and 

(e) a latch circuit, 
Wherein the latch circuit receives as input (i) the second 

output signal, and (ii) the Enable signal, 
Wherein the latch circuit generates a digital clock 

signal, and 
Wherein the latch circuit comprises a latch, and 
Wherein in response to a high-high condition that both 

the ?rst and second differential clock signals are 
higher than the reference voltage becoming true, the 
latch circuit is con?gured to hold the digital clock 
signal at a previous state Which Was generated by the 
latch circuit immediately before the high-high con 
dition becomes true. 

2. The clock generation circuit of claim 1, 
Wherein the bus change-over detecting circuit comprises 

a NAND gate. 
3. The clock generation circuit of claim 1, 
Wherein in response to the ?rst and second differential 

clock signals not being both higher than the reference 
voltage, the bus change-over detecting circuit is 
capable of adjusting the Enable signal resulting in the 
second output signal passing unchanged through the 
latch circuit as the digital clock signal. 

4. A clock generation circuit, comprising: 
(a) a ?rst differential comparator circuit, 

Wherein the ?rst differential comparator circuit receives 
as input (i) a ?rst differential clock signal and (ii) a 
reference voltage, and generates a ?rst output signal; 

(b) a second differential comparator circuit, 
Wherein the second differential comparator circuit 

receives as input (i) the ?rst differential clock signal 
and (ii) a second differential clock signal, and gen 
erates a second output signal, 

Wherein in response to the ?rst and the second differ 
ential clock signals sWitching, the second differential 
comparator circuit is capable of causing the second 
output signal to sWitch logic states; 

(c) a third differential comparator circuit, 
Wherein the third differential comparator circuit 

receives as input (i) the reference voltage and (ii) the 
second differential clock signal, and generates a third 
output signal; 

(d) a bus change-over detecting circuit, 
Wherein the bus change-over detecting circuit receives 

as input (i) the ?rst output signal, and (ii) the third 
output signal, and generates an Enable signal; and 

(e) a latch circuit, 
Wherein the latch circuit receives as input (i) the second 

output signal, and (ii) the Enable signal, 
Wherein the latch circuit generates a digital clock 

signal, 
Wherein the latch circuit comprises a latch, 
Wherein the latch comprises a ?rst inverter and a 

second inverter, 
Wherein the ?rst inverter and the second inverter are 

cross coupled, 
Wherein the second inverter comprises a Glitch Immu 

nity circuit, and 
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Wherein the ?rst inverter generates a fourth output 

signal. 
5. The clock generation circuit of claim 4, 
Wherein the latch circuit further comprises a third inverter 

and a fourth inverter coupled in series, 
Wherein the third inverter receives as input the second 

output signal, and generates the fourth output signal, 
Wherein the fourth inverter receives as input the fourth 

output signal, and generates the digital clock signal, 
and 

Wherein the latch receives as input the fourth output 
signal. 

6. A clock generation circuit, comprising: 
(a) a ?rst differential comparator circuit, 

Wherein the ?rst differential comparator circuit receives 
as input (i) a ?rst differential clock signal and (ii) a 
reference voltage, and generates a ?rst output signal; 

(b) a second differential comparator circuit, 
Wherein the second differential comparator circuit 

receives as input (i) the ?rst differential clock signal 
and (ii) a second differential clock signal, and gen 
erates a second output signal, 

Wherein in response to the ?rst and the second differ 
ential clock signals sWitching, the second differential 
comparator circuit is capable of causing the second 
output signal to sWitch logic states; 

(c) a third differential comparator circuit, 
Wherein the third differential comparator circuit 

receives as input (i) the reference voltage and (ii) the 
second differential clock signal, and generates a third 
output signal; 

(d) a bus change-over detecting circuit, 
Wherein the bus change-over detecting circuit receives 

as input (i) the ?rst output signal, and (ii) the third 
output signal, and generates an Enable signal; and 

(e) a latch circuit, 
Wherein the latch circuit receives as input (i) the second 

output signal, and (ii) the Enable signal, 
Wherein the latch circuit generates a digital clock 

signal, 
Wherein the latch circuit comprises a latch, 
Wherein the latch circuit further comprises a third 

inverter and a fourth inverter coupled in series, 
Wherein the third inverter receives as input the second 

output signal, and generates a ?fth output signal, 
Wherein the fourth inverter receives as input the ?fth 

output signal, and generates the digital clock signal, 
and 

Wherein the latch receives as input the ?fth output 
signal. 

7. The clock generation circuit of claim 6, 
Wherein the latch circuit further comprises a ?fth inverter, 
Wherein the ?fth inverter receives as input the Enable 

signal, and 
Wherein the ?fth inverter comprises an output node elec 

trically coupled to the third inverter. 
8. A clock generation method, comprising: 
forming a clock generation circuit Which includes: 

(a) a ?rst differential comparator circuit, 
Wherein the ?rst differential comparator circuit receives 

as input (i) a ?rst differential clock signal and (ii) a 
reference voltage, and generates a ?rst output signal, 

(b) a second differential comparator circuit, 
Wherein the second differential comparator circuit 

receives as input (i) the ?rst differential clock signal 
and (ii) a second differential clock signal, and gen 
erates a second output signal, 
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(c) a third differential comparator circuit, 
wherein the third differential comparator circuit 

receives as input (i) the reference voltage and (ii) the 
second differential clock signal, and generates a third 
output signal, 

(d) a bus change-over detecting circuit, 
Wherein the bus change-over detecting circuit receives 

as input (i) the ?rst output signal, and (ii) the third 
output signal, and generates an Enable signal, and 

(e) a latch circuit, 
Wherein the latch circuit receives as input (i) the second 

output signal, and (ii) the Enable signal, 
Wherein the latch circuit generates a digital clock 

signal, and 
Wherein the latch circuit comprises a latch; 

in response to the ?rst and the second differential clock 
signals sWitching, using the second differential com 
parator circuit to cause the second output signal to 
sWitch logic states; and 

Wherein in response to a high-high condition that both the 
?rst and second differential clock signals are higher 
than the reference voltage becoming true using the 
latch circuit to hold the digital clock signal at a previous 
state Which Was generated by the latch circuit imme 
diately before the high-high condition becomes true. 

9. The clock generation method of claim 8, 
further comprising, in response to the ?rst and second 

differential clock signals not being both higher than the 
reference voltage, using the bus change-over detecting 
circuit to adjust the Enable signal resulting in the 
second output signal passing unchanged through the 
latch circuit as the digital clock signal. 

10. The clock generation method of claim 8, 
Wherein the bus change-over detecting circuit comprises 

a NAND gate. 
11. The clock generation method of claim 8, 
Wherein the latch comprises a ?rst inverter and a second 

inverter, 
Wherein the ?rst inverter and the second inverter are cross 

coupled, 
Wherein the second inverter comprises a Glitch Immunity 

circuit, and 
Wherein the ?rst inverter generates a fourth output signal. 
12. The clock generation method of claim 11, 
Wherein the latch circuit further comprises a third inverter 

and a fourth inverter coupled in series, 
Wherein the third inverter receives as input the second 

output signal, and generates the fourth output signal, 
Wherein the fourth inverter receives as input the fourth 

output signal, and generates the digital clock signal, 
and 

Wherein the latch receives as input the fourth output 
signal. 

13. The clock generation method of claim 8, 
Wherein the latch circuit further comprises a third inverter 

and a fourth inverter coupled in series, 
Wherein the third inverter receives as input the second 

output signal, and generates a ?fth output signal, 
Wherein the fourth inverter receives as input the ?fth 

output signal, and generates the digital clock signal, 
and 

Wherein the latch receives as input the ?fth output signal. 
14. The clock generation method of claim 13, 
Wherein the latch circuit further comprises a ?fth inverter, 
Wherein the ?fth inverter receives as input the Enable 

signal, and 
Wherein the ?fth inverter comprises an output node elec 

trically coupled to the third inverter. 
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15. A clock generation circuit, comprising: 
(a) a ?rst differential comparator circuit, 

Wherein the ?rst differential comparator circuit receives 
as input (i) a ?rst differential clock signal and (ii) a 
reference voltage, and generates a ?rst output signal; 

(b) a second differential comparator circuit, 
Wherein the second differential comparator circuit 

receives as input (i) the ?rst differential clock signal 
and (ii) a second differential clock signal, and gen 
erates a second output signal, 

Wherein in response to the ?rst and the second differ 
ential clock signals sWitching, the second differential 
comparator circuit is capable of causing the second 
output signal to sWitch logic states; 

(c) a third differential comparator circuit, 
Wherein the third differential comparator circuit 

receives as input (i) the reference voltage and (ii) the 
second differential clock signal, and generates a third 
output signal; 

(d) a bus change-over detecting circuit, 
Wherein the bus change-over detecting circuit receives 

as input (i) the ?rst output signal, and (ii) the third 
output signal, and generates an Enable signal; and 

(e) a latch circuit, 
Wherein the latch circuit receives as input (i) the second 

output signal, and (ii) the Enable signal, 
Wherein the latch circuit generates a digital clock 

signal, and 
Wherein the latch circuit comprises a latch, 

Wherein in response to the ?rst and second differential 
clock signals not being both higher than the reference 
voltage, the bus change-over detecting circuit is 
capable of adjusting the Enable signal resulting in the 
second output signal passing unchanged through the 
latch circuit as the digital clock signal, and 

Wherein in response to both the ?rst and second differ 
ential clock signals being higher than the reference 
voltage, the latch circuit is capable of holding the 
digital clock signal at a previous state. 

16. The clock generation circuit of claim 15, 
Wherein the bus change-over detecting circuit comprises 

a NAND gate, 
Wherein the latch comprises a ?rst inverter and a second 

inverter, 
Wherein the ?rst inverter and the second inverter are cross 

coupled, 
Wherein the second inverter comprises a Glitch Immunity 

circuit, and 
Wherein the ?rst inverter generates a fourth output signal. 
17. The clock generation circuit of claim 15, 
Wherein the latch circuit further comprises a third inverter 

and a fourth inverter coupled in series, 
Wherein the third inverter receives as input the second 

output signal, and generates a ?fth output signal, 
Wherein the fourth inverter receives as input the ?fth 

output signal, and generates the digital clock signal, 
Wherein the latch receives as input the ?fth output signal, 
Wherein the latch circuit further comprises a ?fth inverter, 
Wherein the ?fth inverter receives as input the Enable 

signal, and 
Wherein the ?fth inverter comprises an output node elec 

trically coupled to the third inverter. 
18. The clock generation circuit of claim 15, 
Wherein the latch circuit further comprises a third inverter 

and a fourth inverter coupled in series, 
Wherein the third inverter receives as input the second 

output signal, and generates the ?fth output signal, 
Wherein the fourth inverter receives as input the ?fth 

output signal, and generates the digital clock signal, 
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wherein the latch receives as input the ?fth output signal, Wherein the fourth inverter receives as input the fourth 
. . . . . . out ut si nal, and enerates the di ital clock si nal, 

wherein the latch c1rcu1t further comprises a th1rd inverter andp g g g g 

and a fourth Inverter Coupled 1n Senes’ Wherein the latch receives as input the fourth output 

Wherein the third inverter receives as input the second 5 51gna1~ 
output signal, and generates the fourth output signal, * * * * * 


